Our future work is intended to enrich our field data using SP and GPR methods, to compare with our first results. Also, we intend to integrate electrical resistivity tomography measurements in our analysis for better subsurface characterization.
Introduction
In Romania limestone represents almost 2% of its surface. The largest and most compact area of carbonate rocks in Romania is within the Reşiţa-Moldova Nouă Synclinorium, situated in the SW of the country, in the unit called Banat Mountains.
Karst terrain results from rock masses dissolution, having as a consequence an effective underground flow (Waltham et al., 2005) . To understand karst topography, we must determine both the nature and the factors that are defining dissolution processes in karst soluble rocks as well as the drainage network resulted from these processes. (Ford, Williams, 2011) .
The density and size of sinkholes indicate the degree of dissolution that geological substrate has undergone locally (Shofner et al., 2001) . The fractures and their orientation in a karstic area give important knowledge regarding the drainage network, due to the fact that the karst system depends highly upon them (Chalikakis et al., 2011) .
The study case of this paper is located in one of Banat Mountains' subunits, Aninei Mountains. This approach is a comparative study using spontaneous potential (SP) and ground penetrating radar (GPR) as geophysical
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In Romania, geophysical methods are not often used for karst investigations, even if there are many interesting karstic regions. There are two papers using resistivity methods, Mafteiu (1991) and Mitrofan et al. (2008) , vertical electrical sounding (VES) using Schlumberger and pole-dipole arrays. Mafteiu (1991) observed the vertical and horizontal plane of the fracturing effect that predetermines the development of the Cave of Padiș, and in the Padiș Plateau he identified the border between fissured limestone and compact limestone. Mitrofan et al. (2008) managed to delineate with succes a concealed flow path in Hercules spring (Cerna Valley).
The goal of this paper is to analyze the terrain of the Anina karstic region to understand the underground drainage direction and the factors that are involved in surface water drainage. This study is based on field data collection during five field campaigns, from May 2013 to November 2014.
Study Area
The Anina karstic region is situated in the South-West of Romania, within the Banat Mountains, as shown shaded in yellow in Figure 1 .
Geologically, the study area is located in the central part of the Reşiţa -Moldova Nouă Synclinorium, the largest and most compact, homogeneous structure covered by carbonate rocks in Romania (Orăşeanu and Iurkiewicz, 2010) .
We developed our study on the Mărghitaș Plateau, a suspended karstic plateau without surface water drainage, located in the northern part of the Anina karstic region (Figure 2 ). methods. SP is a passive and an electrical geophysical method, which quantifies naturally occurring electrical fields at the Earth's surface.
The self-potential surveying is based upon measuring the spontaneous or natural potentials developed in the earth by electrochemical actions between minerals and subsurface fluids or by electrokinetic processes involving the flow of ionic fluids (Sharma, 2002) .
Also SP in the subsurface is caused by a number of processes that are not well understood at this time (Reynolds, 1997) .
In recent years the SP method has found increasing use in geothermal, environmental, and engineering applications to help locate and delineate sources associated with the movement of thermal fluids and groundwater.
The spontaneous potential method has been used for many years in karstic areas (Stevanovic, Dragisic, 1998; Lange, 1999; Rozycki et al., 2006; Guichet et al., 2006; Jardani et al., 2007; Jardani et al., 2009 , Jouniaux et al., 2009 Robert et al., 2011) .
GPR is a non-destructive geophysical tool that can produce a continuous profile in cross section or record features underground without drilling, boring, or digging. GPR profiles are normally used to assess the location and depth of underground objects, and investigating the presence or the continuity of the natural subsoil conditions (Apel and Dezelic, 2005) . The resulting GPR image (also called a radargram) is very similar to a seismic reflection profile. Acquisition of data by means of GPR is based on the propagation, reflection and distribution of high-frequency electromagnetic waves (generally from 10 to 1000 MHz) to the underground. Using GPR's in karst areas partially covered with alluvial deposits is not very common, mainly due to alluvial deposits, clay content, which is hindering the penetration depth of GPR systems (Anchuela et al., 2008) . Therefore, the results obtained will depend upon the type of soil and its degree of saturation, compaction, mineralogy, and also on the frequency of antennas used (Anchuela et al., 2009) . If the study area contains clayey soils, it is recommended the GPR method should not be used in the sinkhole investigation (Zisman et al, 2013) .
Studies to detect cavities using the GPR method were done by Chamberlain et al. (2000) , Kadioglu and Ulugergerli
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There are many surface karstic landforms that may be seen: sinkholes, sinkholes vallyes, blind valleys, dry valleys, karrens, and karren fields ( Figure 3 ).
Field Methods
The characterization of karst regions requires specific knowledge of both surface and those forms of underground features, and application of the geophysical methods are an option to study the subsurface in connection with the surface landforms. One of these methods, which is also used in the analysis of the groundwater, especially in karst areas, is spontaneous potential (SP). The second method that completes our geophysical approach is GPR.
For SP data, we used two Petieau nonpolarizing electrodes, a fixed electrode and a mobile one. The measurements were made with a digital multimeter, Voltcraft VC 850. We measured SP at 11 sites, repeating measurements 2 or 3 times, in different seasons and atmospheric conditions for comparison purposes. Our approaches for SP measurements are represented by profiles with N-S and E-W orientations and grids. Each Figure 5b ), where we can notice that the middle of the sinkhole is accumulating humidity (red) and the drainage direction is mostly north-south, as we will obtain also in GPR measurements for bedding planes orientation.
(
In May 2013 (Figure 5a ) SP measurements indicate that on the boundaries of the sinkhole there is a direction of water infiltration, due to negative anomalies. At the bottom of the sinkhole, larger values suggest water retention, a function of the flat terrain and also based on the deep soil cover. In May 2013 the values where more different, alternating negative values (especially on the border of the sinkhole, where karrens are present) with positive values (in the middle of the sinkhole).
The SP values obtained in November 2013 are more homogeneous, due to weather conditions. The campaign was done after many months of uniform precipitations. In Figure 5b is more obvious the bottom of the sinkhole, where are the largest values, indicating the stagnancy of water (Artugyan and Urdea, 2014) . electrode was placed inside a hole, 10 cm deep in the soil and after 1 minute we noted the value indicated on the voltmeter (in mV) and then we moved the mobile electrode. The station spacing for the mobile electrodes was 5 m.
For the GPR method, we used a MALA RAMAC Georadar with two antennas, 50 MHz and 25 MHz. Because we developed our study in a karstic area, our goal was to identify voids on the radargrams below the locations of the SP anomalies. Because in the study area other geophysical studies are missing, we chose as a first approach to use an antenna that give a deeper penetration in the subsoil, trying to have better image regarding the underground in the Mărghitaş karstic plateau. Based on previous study on limestone and due to the fact that the RTA antennas are of compact type, no Common Midpoint (CMP) or Wide Angle Reflection and Refraction (WARR), thus an overall wave velocity of 0.12 m/ns was used for the depth conversion of the radar signal (Kadioglu and Ulugergerli, 2012; Apel and Dezelic, 2005) . GPR results are represented by 11 profiles, 50 MHz frequency with a depth of 22 meters, 8 profiles with the 25 MHz antenna with a depth of penetration of 46 meters and 1 profile also with the 25 MHz antenna with a depth of 54 meters. In the next section of this paper, we present the results obtained. We focus on 3 sites using the 25 MHz antenna, being the most representative in these measurements. The measurements presented in this paper were made near the Mărghitaș Hotel (Figure 4) . The field measurements were interpolated based on the 5 m distance between holes, rasterized and contoured using ArcGIS 10 software developed by ESRI (http:// www.esri.com/software/arcgis), obtaining the raster presented in Figure 5 . Water flow in this sinkhole has similar direction as the tectonic fault orientation, N-S or NW-SE. This observation is highlighted in the contoured images, but is clearer in the data obtained in November 
Results
Site
Site 2
Site 2 features a large sinkhole, with the east-west diameter of 70 meters and the north-south diameter by 60 meters. The SP measurements were made in two campaigns, October 2013 and November 2014. In October 2013 the SP values present negative values, with some positive anomalies, showing that at that period, after several weeks without precipitation, the For Site 1 (Figure 6 ) we used two antennas, 25 MHz and 50 MHz to observe the difference on the radargrams. The 50 MHz profiles have shallower penetration, a higher resolution, but in our investigation on these sites didn't help us too much, being more difficult to interpret the radargrams and losing in depth. After we obtained the radargrams with the 50 MHz antenna, we chose that for the other sites to use only 25 MHz antenna because we needed a deeper penetration trying to observe in the underground certain cavities, bedrock bedding planes, fractures or maybe the groundwater level.
On the 25 MHz profiles, we notice that the sinkhole is very clearly observed, because we realized the profile longer than sinkhole's diameters, to observe the difference in the radar signals. The first radargram (Figure 7) shows very well the bottom of the sinkhole and also the slopes, and at the end of it, we notice the buried karrens or small voids. Besides, we notice a continuous signal that we consider as a bedding plane of the area. the highest values, indicating moisture accumulation and water retention due to thick soil. On N-S direction, we may observe a negative anomaly at 24 m from the start of the profile in both campaigns, which could indicate a void in the underground which quickly drains water from the surface. Even if on N-S direction the profiles are not very smooth, we can notice that except those negative anomalies at 24 m, the bottom of the sinkholes indicate the largest values, showing the tendency to retain moisture for a long time.
The aspect of this sinkhole (Figure 10 ) gives as the interpretation of the GPR results: in the middle there is a large accumulation of materials (organic, soil) and on the slopes the karrens are also observed on the GPR profiles.
surface is not well moistured, being favorable for rapid flow into the underground. In November 2014 the values are positive, indicating that the drainage is more stable, the soil is more saturate with water. The middle of the sinkhole presents the highest values on E-W direction.
On the E-W orientation, in the middle of the sinkhole the SP presents values indicating accumulation, as we expect to obtain in the middle of these karstic depressions where the bottom is filled with thinner soil and the humidity presents higher values (Figure 8 ). The same situation is observed also in November 2014, but this time the measurements were realized after a week with higher precipitation in the area and the SP values are negative, indicating that the surface drainage is more unstable. Again SP values indicate that in the middle this geophysical method shows accumulating moisture. Also, we can notice that in both profiles there are two negative anomalies at 9 and 12 meters from the starting point of the profile and at 63 meters. These anomalies are showing that at that point the drainage is more rapid, being possibly linked to certain voids underground.
On the north-south orientation ( Figure 9 ) the profile is more sinuous, presenting many negative anomalies, but we notice that in both campaigns at the point located at 24 meters there is a negative anomaly, possibly indicating a void in the underground where water is more rapidly drained. The north-south profile is not very expressive for this sinkhole, the bottom of it being not very obvious as for the east-west profile. This fact could indicate that on the north-south orientation the fractures in the bedrock are more developed, determining a certain behavior in water drainage. If we take into account the fault main orientation in the area, NNW-SSE, maybe we could find an explanation for the aspect of those N-S profiles.
We can observe that in both profiles in the middle of the sinkhole is well highlighted on E-W orientation, with 
Figure 8. Spontaneous Potential measurements at Site 2 (east-west orientation).
Figure 9. Spontaneous Potential measurements at Site 2 (north-south orientation).
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NCKRI SYMPOSIUM 5 the sinkhole, with highest radar signals in the middle, but the second GPR profile, for N-S orientation ( Figure  12 ), has many anomalies between the surface and 25 meters depth. These anomalies are also observed on the SP profiles.
Site 3
Site 3 is a chain of three sinkholes with west-east direction. Sinkhole 1 is the smallest one and less deep, the second one is the largest one, and Sinkhole 3 is the deepest one of this chain of sinkholes.
Sinkhole 3 consists of a circular sinkhole, a funnel shaped one, with a swallow hole in the middle. SP values were obtained at the beginning of October 2014, after several days of precipitation. The results show that in the middle, in the smaller sinkhole the water is staying for a long time, indicating moisture accumulation (larger values of SP data). Also, near the edges of the sinkhole, where karrens are present, the drainage is more rapidly, due to these rocks and thin soil. SP values indicate that the surroundings the swallow hole inside the large one presents the tendency of rapid flow into the swallow hole direction (smaller values of SP measurements) ( Figure 13 ).
For GPR profiles, this site means a chain of three sinkholes ( Figure 14) where we intend to observe on the radargrams the boundary of these karstic depressions
Because is known that clay may perturb the GPR signals, we intend to employ in this site study electrical resistivity tomography, to describe accurately the underground and validate the GPR results.
Also, we observe that as on the first reflection radargram we could identify the countinuos GPR signal, considering that it should be also bedding planes, this area being a strong faulted zone.
GPR profiles for Site 2 are designed to better explain the SP results and to give an image of the underground of this sinkhole. We can notice that GPR profiles are similar to both SP profiles, meaning that the W-E profile, shown in Figure 11 , describes a smooth hyperbola for 
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radargrams present a signal between 30 and 40 meters depth for Sinkhole 3 (Figure 16 ), a deeper sinkhole, and between 20 and 30 meters for Sinkhole 2 (less deep than Sinkhole 3). We consider that object as bedding planes, being present on both radargrams that are parallel to the terrain at a distance of several meters. The velocity was established based on previous study that applied GPR on limestone (Kadioglu and Ulugergerli, 2012; Apel and Dezelic, 2005) .
Combining the SP measurements, with the GPR results, we can point out that it could be certain void in the middle of this site. We observe that the signal present in the middle of the last sinkhole in Figure 14 was obtained in the N-S profile (Figure 17 ). For the second sinkhole we notice that there are signs that we include in the buried rocks, but we rise the question if is not also clay padding, due to the fact that under that 10 meters there is no GPR signal (Figure 18 ).
Discussion
The results of SP measurements indicate in most of the cases that there is a direction in the water circulation (based on the negative values of SP measurements), but we also obtained positive values during the dry season, most of them being measured during August and September, after large dry periods. We observe that on the karstic plateaus, starting from May the soil was very dry and hard, with very small absolute values of SP, but also with positive values in the middle of the dolines, suggesting moisture accumulation areas.
GPR radargrams indicate bedding planes at depths between 20 and 30 meters, all these profiles being along north-south orientation. On one of the radargram we and if there could be certain cavities because the last 2 sinkholes (from West to East) present swallow holes.
The first radargram of this site (Figure 15 ), comprising all the three sinkholes is indicating very well the boundary into the underground of those depressions, the first sinkhole and the second one being more closely, and the boundary between the second one and the third one, that are separated by a dirt road. Also, we can notice that karrens present mostly on slopes of the first and the third sinkhole are observed on the GPR signals as buried rocks and also the radar signals indicate that in the middle of the third sinkhole, the largest and the deepest of these three depressions, could be a cavity or a void, based on previous GPR results in karstic areas (for example El-Qady et al., 2005; Gómez-Ortiz and Martín-Crespo, 2012) . The funnel aspect of this sinkhole is favourable for a vertical cavity development. Again, we observed that countinous GPR signal that could be considered as bedding planes, but for the radargram presented in Figure 15 , these are smaller than and not as obvious as in previous sinkholes.
We also obtained two radargrams on N-S orientation for sinkhole number 2 and 3 of this chain of sinkholes. Both 
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In this study we used two complementary geophysical methods, spontaneous potential (SP) and ground penetrating radar (GPR), applied in 5 sinkholes with a funnel shaped aspect. Four of these sinkholes are circular and one of them is elongated NW-SE direction. Three of the studied sinkholes are representing a chain of sinkholes orientated west-east. SP describes the surface drainage water indicating the tendency in the drainage direction or accumulation points. On the other hand, GPR describes the subsurface using the response of the materials or objects located in the underground to the signal sent by the radar antenna.
There are limitations in both methods, but they have been successfully applied in several sites for karst topography investigations (Jardani et al., 2007 (Jardani et al., , 2009 Anchuela et al., 2008 Anchuela et al., , 2009 Carpenter et al., 2013) .
Conclusions and Future Work
GPR offers an image of the underground, showing possible bedding planes, mostly along north-south orientation. The north-south direction of the identified bedding planes are according to the main faults orientation of the studied area, NNE-SSW. Due to this aspect, we consider that the bedding planes are mostly observed on north-south profiles. Besides, in two GPR profiles, we could identify an object that could be a cavity, below and anomaly on SP grid. observe a possible void or a cavity at 20 meters depth in the west to east profile. At the same depth we notice also on the north-south profile that the GPR signal point out an anomaly in the underground.
There are two profiles that are pointing out some discontinuities and possible cavities. One of these profiles was measured over a chain of three sinkholes and this profile at between 6 meters and 25 meters depth, shows some anomalies that indicate differential radar signal that we associate to an object as micro-tectonic features.
The homogeneous aspect of radargrams indicates that these zones are not influenced by karst activity. Our future work is intended to enrich our field data using SP and GPR methods, to compare with our first results. Also, we intend to integrate electrical resistivity tomography (ERT) measurements in our analysis for a better subsurface characterization.
The ERT measurements that we intend to use in the future should provide a complete image of the subsurface, and with interpreted air-filled voids on the radargrams corresponding to very high resistivity zones.
